Introduction
The social force model (SFM) [4] belongs to a class of microscopic force-based pedestrian model for which the interaction with the neighbors solely depends on the distance spacings. Yet, distance based models can lead to unrealistic oscillating behaviors with collision and negative speed (especially in 1D, see for instance [12] and the harmonic oscillator equation). With oscillation we describe a situation where pedestrians perform, in the direction of the intended movement, forward and backward movement. This behavior is to be distinguished from the oscillations in the passing direction in bottlenecks [5] and from lateral oscillations along the shoulder direction [6, 9] .
The problem of oscillations in the movement direction was investigated in the literature and shown to rise in general in simulations with force-based models [1, 7, 3] . In [2] the model-induced oscillations were quantified by introducing the "oscillationproportion" introduced. Furthermore, it was suggested that this phenomena is the dual-problem of another model-induced model, namely the overlapping problem.
In this article we show on basis of analytical investigation of a simplified onedimensional scenario, that only particular values of the parameters allow collisionfree and non-oscillating simulation. However, 'realistic" values for the (physical) parameters of the SFM do not produce such simulations.
Local stability analysis
The social force model in one dimension and with a coupled interaction with the predecessor writes:
with v 0 , a, b, τ > 0. Hereby pedestrians are presented as points and ∆x n = x n+1 − x n . Equation (1) can be linearly approximated for ∆x n /b ≈ 0 as follows (5) will have a solution of the form ξ = e λt which yields the following characteristic polynomial:
The roots of (6) are
which gives a general solution of the form ξ = c 1 e λ1 + c 2 e λ2 .
The system described by (1) does not oscillate if the imaginary part of the solutions are nil, i.e. if r 2 − 4ω
Note that the solution does not depend explicitly on v 0 .
Interpretation
In [13] is has been reported that evaluation of empirical data yields τ = 0.61 s. A slightly different value of τ was measured in [10] (τ = 0.54±0.05 s). It simulation τ = 0.5 s is often used as a realistic value.
In the following examples, we always assume that v 0 = 1.2 m/s and τ = 0.5 s. The parameter values in [4, 11] In [10] an experimental evaluation leads to a = 4.5 ± 0.3, b = 1.25 m (mean value) and τ = 0.54 ± 0.05 s. That means that the system according to Eq. (8) is oscillating.
Conclusion
The presented results show that the social force model has to be extended by using velocity terms in order to produce realistic collision-free behaviors with reasonable values for the parameters.
In its original form without velocity dependency (reasonable) values of parameters lead inevitably to erroneous oscillating movement.
